The available dat~ on the microwave spectrum of methanol are critically reviewed for informa· tion applicable to radio astronomy. Molecular data such as moments and product of inertia, torsional potential constants. centriful(al distortion and torsion· rotation interaction coristants, dipole moment, and structural parameters are tabluated. Observed rotational transitions are presented for the astro· nomically interesting isotopic forms of methanol when available. Detailed centrifugal distortion and torsion·rotation interaction calculations have been carried out for the most abundant isotopic form of methanol. Transitions are tabluated for the frequency range from 500 MHz to 200 GHz. Measured transition error limits have been reproduced from the original literature. References are given for all data included.
Introduction
The pres em (abIes represent the third part of a series of critical reviews [1, 2] 1 which are intended to update and revise the existing tabulated literature on molecules already identified in interstellar observations. The spectral information reported includes predicted as well as observed transitions between 500 MHz and 200 GHz. The re.ported tr:msitionl'l llTP. furthp.r limited by fixing a maximum value for the total rotational and torsional energy of the lower state of the transition. This upper limit must logically vary with the molecule being reviewed and was set at 125 cm-t for methanol It is felt that this limit is generous enough to allow for the presentation of all methanol transitions which might be observed by existing telescopes. Spectral data on the less abundant isotopic forms have been included where available. Deuterated species have been purposely neglected because of the expected low cosmic abundance of the deuterium atom.
Organization of Tables
In order to reduce transcription errors, lhe LaLit;:; of spectra have been reproduced directly from computer printout wherever possible. The open literature has been searched to October 1, 1972 , for information relating to the microwave spectrum of methanoL All reports published prior to 1960 were included in Volume III of NBS Monograph 70 [3] and will not be directly referenced in the present review. Data taken from these reports are referenced MON 70.
Molecular Parameter Table
The inertial, torsional potential, centrifugal distortion, and torison-rotation interaction constants in table I were obtained from least squares analyses of the observed spectral lines with a computet program which includes these interaction terms in the computation of the rotational energies. The specific formulas used are described by Lees and Baker [4] . The molecular constants lb, Ie, lab, Fv, Gp , Lv,DJK andDJ were obtained from a least squares fit to those observed lines arising from /La, the component of the dipole moment parallel to the methyl top axis, the a-axis in the internal axis system. The remaining constants were detemiined from a least squares fit to the hypothetical J = 0 origins of ilk = I 0 branches, which arise from the J.tb dipole component. These were obtained by extrapolating observed series back to their origins. Because a fundamental indeterminacy exists among lat, 1(t2, V3 , V6 , ks. and k7, one of them must be fixed for the nonlinear least squares fit to converge [4, 5] . The values given here correspond to k7 fixed at zero, but the large errors given for the six parameters reflect their variation with choice of the fixed parameter. The Q branch fit included a large number of infrared data, which were weighted according to the inverse square of their uncertainties.
Recently, more accurate infrared data have been obtained and a new fit was carried out [6] with the infrared data more heavily weighted relative to the microwave data. The new interaction constants give a better overall fit, but reproduce the microwave frequencies less accurately than the present constants. The available data on 13CH 3 0H and CH 3 180H were not suffiCient to allow a complete least squares treatment of these speCies. Several-of the inertial parameters for these species shown in table 1 were calculated from the structural parameters of 12CH a 160H. The structural parameters and electric dipole moment were taken rlin~ctly from thp. Htp.raturp. dtp.rl. For each spectral line the first column of table 2 contains the upper state and lower state quantum numbers in the form J and k followed by the torsional symmetry species. Transitions are ordered by symmetry with the A species listed first, followed by the E species with positive or zero k, and, finally, the E speCies with negative k. Lower case k is used here to denote a signed quantum number. Capital K is defined as positive or zero, with K= Ikl. The k E levels were previously labelled by Lees and Baker [4J as K EI for k > 0, and K E'l. for k < O. In most instances the K-douhlets are resolved for the A species so that the two components are distinguished Ly A+ amI A-. Tr-ansiliullS belween the two levels of a K-douhlet (A+ ~ A-) are designated simply as A. Each symmetry type is then ordered by increasing J. J. Phys. Chem. Ref. Data, Vol. 2, No.2, 1973 The quamuUl numbers are followed by the observed line frequency and, in parentheses, the experimentally estimated uncertainty in MHz. Where an experimental measurement is not available, the line frequency given is enclosed in double asterisks and is actually a calculated frequency obtained by interpolation from the calculations and observations of adjacent transitions of the same Q or P branch. The uncertainty listed is the estimated accuracy of the interpolation, which is generally substantially better than the accuracy of the computer calculated frequency. given in the third column. 
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where v is the transItron frequency in MHz and /Lx Lhe eleclric dipole component in Debye as defined above.
The total rotational and torsional energy of each level was calculated using the constants of table 1. The energies are given in columns 5 and 6 in units of cml • Because -the two torsional symmetry species do not interconvert, the zero energy for a species was chosen to be that of the lowest level of that species. The lowest energy levels, namely the ,0 0 level for the A species and the Ll level for the E species are located at 127.817 cm-1 and 133.307 cm-l , respectively, above the bottom of the harrier to internal rotation.
As a convenience to the user, the transition frequencies from table 2 
Ia,b,c,ab
Moments and product of inertia with respect to the indicated internal axis (amu An Note that these are not principal axes.
Ia2
Moment of inertia of CH 3 group about its axis.
I at
Moment of inertia of the framework (I a = I at + I a2 ). A Inertial defect (amu ;\2). A=Ic-Ia1-h, a, b, c Internal axes with a-axis parallel to CHa symmetry axis, and c-axis perpendicular to COH plane . . V a , 6 3-fold and 6-fold components of torsional barrier potential (cm-I ).
Fv , Gv , Lv Interaction constants for a-type lines (MHz). D JK, J, K Centrifugal distortion constants (MHz). k1, ... ,7
Interaction constants for Q branch origins
Components of the dipole moment along the internal axes (Debye).
Abbreviation for Debye units (10 = 10-18 electrostatic units of charge X centimeters, or 10 = 3.33564 X 10-30 coulomb-meter).
Distance between centers of mass of atoms X and Y (.A).
Angle fUrIned by atums X, Y and Z (degrees).
·Angle between a-axis (CH a axis) and C-O bond (degrees). Total rotational angular momentum quantum number.
Projection of J on the a-axis.
Absolute value of k, K = Ikl Torsional symmetry species. (± refers to Kdoublet).
Torsional symmetry quantum number (0" = 0,
( ... ) Parentheses in the numerical listings contain measured or estimated uncertainties. These should be interpreted as: 1.409(0.083) = 1.409 (83)= 1.409 ± 0.083 MHz.
b. Conversion Factors
The following conversion factors have been used: (5) · .
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-69.653 (22) [71B] -3.501 (3) · .
0.049 (2) · .. 1.27 (6) 1.14(9) -3.8(1.1) -1.4(0.7) -80 (3) -55 (1) -132(4) -161 (1) -:-249 (7) -256 (2) 161(23) 396 (21) 884(4000) 203 (28) 0(7000) '1., 1973 
